The agricultural intensification of farming systems in sub-Saharan Africa is a prerequisite to alleviate rural poverty and to improve livelihood. In this modelling exercise, we identified sustainable intensification scenarios for maize-based cropping systems in Ethiopia. We evaluated Conventional Intensification (CI) as continuous maize monocropping using higher Mineral Fertilizer (MF) rates with and without the incorporation of Crop Residues (CR) in the soil. We also evaluated the effect of groundnut in rotation with the maize-based cropping system with the current Farmer's Practice + Rotation (FP + Rotation) and increased MF application rates (CI + Rotation) combined with CR incorporation. The results suggest that, under CI, there was a positive effect of MF and CR. The incorporation of only CR in the field increased the maize yield by 45.3% compared to the farmer's yield under current MF rates. CR combined with higher MF (60 kg N ha −1 + 20 kg P ha −1 ) increased the yield by 134.6%. Incorporating CR and MF was also beneficial under rotation with groundnut. The maize yields increased up to 110.1% depending upon the scenarios tested. In the scenario where CR was not incorporated in the field, the maize yield declined by 21.9%. The Gross Economic Profit suggests that groundnut in rotation with maize is advantageous across Ethiopia in terms of the net return with a few exceptions.
Introduction
Sub-Saharan Africa (SSA) is the region at greatest food security risk because, by 2050, its population is likely to increase 2.5-fold and the demand for cereals will approximately be tripled [1] . Also noted is that SSA's self-sufficiency (a ratio between domestic production and total consumption or demand) in staple cereals is among the lowest compared to other subcontinents, indicating the current levels of cereal consumption already depend on substantial imports.
The main reasons for the low self-sufficiency include soil nutrient depletion, soil erosion, and erratic or low precipitation [2] . The prevailing practice of low-input agriculture is not only providing little outputs but also detrimental to soils [3] . These issues, combined with continuous cereal-based cropping systems without sufficient nutrient inputs to the soil, have led to large-scale declines in soil fertility and persistently poor crop yields on smallholder farms [4] . The challenge of meeting the demands of a growing population can be met by bringing new land into cultivation [5] but that is not a sustainable solution, as often the suitable lands are already in use [6] and land naturally is a limited resource. Nitrogen (N), as one of the most limiting nutrients in agriculture, is a key Sustainability 2019, 11, 1707 2 of 20 component in the proper functioning of cropping systems. However, a dependence on synthetic N fertilizers has adverse economic and environmental consequences, such as the nitrate pollution of groundwater, the atmospheric pollution from ammonia, and a contribution to global warming due to nitrous oxide emissions [7] . There are situations in arable systems where the introduction of legumes has both economic and environmental advantages, especially when grain legumes achieve high prices as human food. Grain legumes fix atmospheric nitrogen gas (N 2 ) and can contribute to the N economy of fields, provide other rotational benefits to subsequent crops, produce in situ high-quality organic residues with a high N concentration and a low C to N ratio, and thereby contribute to integrated soil fertility management [8] . Moreover, ecosystem services, including reduced nitrous oxide emissions and nitrate leaching and increased biodiversity, are currently not awarded through payments, so they are not considered in a farmer's economic calculations. Farmers seldom consider the long-term benefits, focusing instead on single years. This leads to an underestimation of the services provided by legumes. The valuation of such services requires an assessment at the cropping-system scale [9] .
To meet the increasing food demands in SSA and to protect the environmental quality simultaneously in a sustainable manner, it is necessary to optimize agronomic management practices to enhance the nitrogen and water use efficiency [10] . Quantifying the rotational effect of grain legumes on subsequent crops is important for understanding the adoption potential of legume technologies as well as their impact on the sustainability of production [11] .
Various approaches have been proposed to overcome soil nutrient limitations such as (i) conventional intensification mainly based on the increased use of mineral fertilizer [12] , (ii) using legumes in rotation with the main crop or intercropping systems [3] , or (iii) a mix of both by rotation with legumes and supplementary mineral N supply [13] . The mixed approach is widely being promoted in agricultural development programs for small-scale farming in SSA [14] , while conventional intensification is the approach mostly taken currently in large-scale farming [2] . We are unaware of any recent studies in Ethiopia that synthesize the effect of legumes in rotation with the main crop evaluating the options of sustainable intensification.
Therefore, here, we use a biophysical modelling framework combined with a cost-benefit analysis to identify sustainable intensification scenarios for maize-based cropping systems in Ethiopia through investigating (i) the long-term crop yield response and (ii) the change in crop available N and organic carbon over time.
Materials and Methods

Study Area and Simulation Units
Ethiopia lies within the tropics between 3 • 24 and 14 • 53 N and 32 • 42 and 48 • 12 E with an estimated arable land area of 15.1 million hectares [15] . The climate of the country is diverse, ranging from semiarid desert in the lowlands to humid and warm (temperate) in the southwest. The mean annual rainfall distribution ranges from a maximum of more than 2000 mm over the Southwestern highlands to a minimum of less than 300 mm over the Southeastern and Northwestern lowlands. The mean annual temperature also varies widely, from lower than 15 • C over the highlands to above 25 • C in the lowlands [16] . The simulations were done at the 1 km grid cell level, where cropland ( Figure 1 ) and soil data are available (details about soil data is under Section 2.6.1). The long maturing cycle maize variety (see details in Section 2.3) was used in the simulations in Agroecological Zones (AEZs) 1 and 2 ( Figure 1 ) where the length of major crop growing season is more than 160 days, elsewhere (AEZ 3) a medium maturing cycle variety was used in the simulations. The simulated yield from all the simulation units over 7 years (2004-2010) within each administrative zone was averaged to obtain a representative value for a specific year to compare them with the observed yield. 
Model Setup and Description
LINTUL5 is a biophysical model that simulates plant growth, biomass, and yield as a function of climate, soil properties, and crop management using experimentally derived algorithms. LINTUL5 has been widely used in various studies at the field, country, and continental scale [17] [18] [19] [20] . Additionally, the crop model used in the current study has been used in earlier studies, showing its ability to simulate the growth and development of Groundnut (variety "Fleur11") [21] and the crops in rotations [22, 23] . The effect of legume crops on the subsequent crops in the rotation is simulated as a fraction of the crop N uptake by biological fixation which was fixed as a parameter in the crop parameter file [21] . 
LINTUL5 is a biophysical model that simulates plant growth, biomass, and yield as a function of climate, soil properties, and crop management using experimentally derived algorithms. LINTUL5 has been widely used in various studies at the field, country, and continental scale [17] [18] [19] [20] . Additionally, the crop model used in the current study has been used in earlier studies, showing its ability to simulate the growth and development of Groundnut (variety "Fleur11") [21] and the crops in rotations [22, 23] . The effect of legume crops on the subsequent crops in the rotation is simulated as a fraction of the crop N uptake by biological fixation which was fixed as a parameter in the crop parameter file [21] .
The applied version of LINTUL5 simulates the potential crop growth (limited by solar radiation only) under well-watered conditions; ample nutrient supply; and the absence of pests, diseases, and weeds [24] . Biomass production is based on intercepted radiation according to Lambert-Beer's law and light use efficiency. The produced biomass is partitioned among various crop organs (leaves, stems, storage organs, and roots) according to the partitioning coefficients defined as a function of the development stage of the crop. The phenology is simulated by the accumulation of thermal time above a defined base temperature. Photosynthesis and the total crop growth rate are calculated by multiplying the intercepted light and radiation use efficiency (RUE). The total crop growth, root-shoot partitioning, and leaf area expansion are further influenced by water stress. Water stress occurs when the available soil water is between a defined critical point and a wilting point or higher than the field capacity (water-logging). The critical point is a crop specific value which is calculated according to Reference [25] and depends on crop development, soil water tension, and potential transpiration. Water, nutrients (NPK), temperature, and radiation stresses restrict the daily accumulation of biomass, root growth, and yield. The stress indices are calculated daily for the water and nutrient limitations and range from 0.0 to 1.0. The estimation of the daily increase in crop biomass considers, on a given day, the maximum stress index among water, nitrogen, phosphorus, and potassium stress. Water stress occurs when available water in the soil is below the crop-water demand. The same holds for nitrogen stress, that is, when the crop available nitrogen in the rooted soil profile is lower than crop nitrogen demand. To simulate a continuous cropping system, the model was embedded into a general modeling framework, SIMPLACE (Scientific Impact Assessment and Modelling Platform for Advanced Crop and Ecosystem Management) [22] . The SIMPLACE<LINTUL5-SLIM-SoilCN> solution of the modeling platform was used in this study. SLIM is a conceptual soil water balance model subdividing the soil in a variable number of layers, substituting the two-layer approach in Lintul5. The crop residue effect on the crop yield was implemented in the crop model. Before the harvest of annual crops, some crop parameters define the death rate of roots and the start of the root senescence. The dead roots are transferred to the so-called "root litter pool" in the SoilCN SimComponent. At harvest, after removing the marketable part of the crop (in this case grains of legume and maize), the above and below ground residues are rooted into the respective litter pools of the SoilCN SimComponent. In both cases, carbon in the residues are routed into the carbon fraction for the respective litter pool and the amount of N in the residues is routed into the nitrogen fraction of the respective litter pool. The decomposition, mineralization, and humification of the litter pools in each soil layer are mainly triggered by the soil moisture, soil temperature, clay content, and maximum decomposition rates as shown in Reference [26] . The effect of crop residue retention on the crop is mainly through the maintenance of a certain soil organic nitrogen content and subsequently higher average mineral nitrogen concentrations in the soil, thus improving average N supply to the crop.
Dataset for Maize Model Calibration
In this study, two sets of hybrid maize cultivar-related parameters, namely BH660 (a long maturing cycle variety) and BH540 (a medium maturing cycle variety), (Table 1) were calibrated against the experimental data (yield and phenology) under rain-fed conditions collected from the Melko (Jimma Agricultural Research Centre), located on 7 • 39 56.4" latitude north and 36 • 46 56.4" longitude east in Ethiopia for the years 2008 to 2012. The fertilizer application rate used in the experiments was 23 kg ha −1 of urea and 217 kg ha −1 DAP (Di-Ammonium Phosphate) at planting and 150 kg ha −1 urea after 35 days of planting. According to Reference [27] , both BH660 and BH540 are the most popular and widely grown maize varieties in the country, covering major maize producing areas. The Maize (Z. mays) crop parameter dataset (provided with the LINTUL5 model and Reference [17] ) was used as a starting point to establish a new parameter set for these maize varieties. 
Dataset for Groundnut Model Calibration
The field experiments were conducted in Bambey located at 14 • [28] . The peanut cultivar selected was Fleur11, known to be an early (90 days) maturity cultivar. Phenology observations were taken approximately every seven days to determine the parameters such as the day of emergence, the day of flowering, the beginning of peg, the beginning of pod formation, the beginning of seed, and physiological maturity as described in References [29, 30] . The total dry matter was determined in leaves, stems, and pods on a weekly basis. At final harvest, the biomass and seed yield were determined in each plot in an area of 3.9 m 2 (1.95 m × 2 m). Most of the parameters used in the Lintul5 model are default values reported in Reference [24] . However, as no published studies exist with LINTUL5 for peanut or other legumes, some parameters values were adjusted based on the literature and from field measurements. Some parameter values were manually adjusted during the calibration process in order to adapt them to local conditions. The parameters of the model are given in Table 1 .
Statistical Tools Used
As a measure of accuracy to compare the statistical data and simulated values, the following objective functions were used [31] :
The mean relative error (MR) as
b.
The mean residual error (ME) as
where n is the sample number, x is the observed, and y is the simulated value. A value of 0 for ME indicates no systematic bias between the simulated and measured values. The MR gives an indication of the mean magnitude of the error in relation to the observed value. Small values indicate little difference between the simulated and measured values. c.
Root mean square error (RMSE) as
where S i is the simulated yield, O i is the observed yield, and n is the total number of observations.
The daily climatic data were recorded at the meteorological stations of Jimma situated at 1718 meters above sea level and provided by the National Meteorological Agency (NMA) of Ethiopia. The required soil data for the crop model were provided by the National Soil Testing Center of Ethiopia (Table A2 in Appendix A). The climate data at the national scale was made available from the National Aeronautics and Space Administration (NASA), Goddard Institute of Space Studies (https://data.giss.nasa.gov/impacts/ agmipcf/agmerra/), AgMERRA [32] and consists of the daily time series over the 1980-2010 period with a global coverage of the climate variables required for agricultural models (i.e., the minimum and maximum temperature, solar radiation, precipitation, and windspeed). These datasets are produced by combining state-of-the-art reanalyses (NASA's Modern-Era Retrospective analysis for Research and Applications, MERRA [33] and NCEP's Climate Forecast System Reanalysis, CFSR [34] , with observational datasets from in situ observational networks and satellites. The dataset is stored at 0.25 • × 0.25 • horizontal resolution (approx. 25 km). The values for relevant soil parameters for each soil layer down to the maximum soil depth (sand, clay, bulk density, Soil available water, and organic carbon) were extracted from the soil property maps of Africa at a 1 km × 1 km resolution (http://www.isric.org/data/soil-property-maps-africa-1-km) ( Figure 2 ). Other parameters such as soil water at field capacity, wilting point and saturation point, and the Van-Genuchten parameters were computed [35] . These soil parameter values were used as an input to the soil water balance module of the crop model used in simulations at a regional scale ( Figure 2 ).
Crop Yield and Fertilizer Application Data
The Maize and Groundnut yields (Mg ha −1 ) and fertilizer application (Nitrogen and Phosphorus) rates in maize over seven years (2004) (2005) (2006) (2007) (2008) (2009) (2010) at the administrative zone level have been collected from the Central Statistical Agency, Ethiopia. These values have been averaged over cropland and used for the model calibration at the national scale. However, no fertilizer was applied in the Groundnut simulations. 
Intensification Scenarios
Groundnuts are also a source of cash income in Ethiopia that contribute significantly to food security and alleviate poverty [36] . As a legume, groundnuts improve soil fertility by fixing nitrogen and thereby increasing the productivity of the semiarid cereal cropping systems [37] . Therefore, we are exploring different crop management scenarios (Table 2) in the maize production system by using supplementary a mineral fertilizer supply, by recycling crop residues, and by rotating with N fixing Groundnuts. For the simulation of the intensification scenarios, the simulation period was 7 years with a preceding spin-up phase of 7 years to make sure that the soil organic matter pools of the model solution were approximating the equilibrium level of the respective treatment. 
Groundnuts are also a source of cash income in Ethiopia that contribute significantly to food security and alleviate poverty [36] . As a legume, groundnuts improve soil fertility by fixing nitrogen and thereby increasing the productivity of the semiarid cereal cropping systems [37] . Therefore, we are exploring different crop management scenarios (Table 2) in the maize production system by using supplementary a mineral fertilizer supply, by recycling crop residues, and by rotating with N fixing Groundnuts. For the simulation of the intensification scenarios, the simulation period was 7 years with a preceding spin-up phase of 7 years to make sure that the soil organic matter pools of the model solution were approximating the equilibrium level of the respective treatment. where FP = Farmer's Practice; CI = Conventional Intensification; MF1 = current fertilizer rates; MF2 = 60 kg N ha −1 + 20 kg P ha −1 ; CR = Crop Residue.
Results
Model Calibration and Evaluation
The observed and simulated days of maturity under the fertilized production treatment agreed well. In the case of variety BH660, the model overestimated the Day of Maturity (DOM) by one day compared with the observed value, whereas for variety BH540, the observed and simulated DOM matched exactly (Table 3) . The model overestimated the day of anthesis by 4 days for both the maize varieties ( Table 3 ). The simulated average grain yield of both the maize varieties was comparable to the corresponding observations where the model overestimated the grain yield of variety BH660 by 4% and underestimated the grain yield of variety BH540 by −1.6% (Table 3) , whereas plotting all the observation points of variety BH660 (n = 3) and BH540 (n = 5) with the corresponding simulated values resulted in high root mean square values (RMSE) (Figure 3 ). When applied at the 35 administrative zones in Ethiopia, the average simulated yields of the districts were in the range of the observed yields averaged over 7 years ( The discrepancy observed in the simulated yield could have been due to the soil parameters used from the ISRIC (International Soil Reference and Information Centre) database, which refer to soil samples that are representative of large areas. Available soil data does not likely represent long-term cultivated, nutrient-depleted soils. Regarding Groundnut, at both test sites, the model underestimated the day of anthesis by 1 day (Table 3) , whereas the day of maturity was overestimated by 1 day at Niaro and at Bambey; the simulated day of maturity matched the observed (Table 3 ). The average simulated grain yield at both sites was overestimated by 14.4% and 15% respectively (Table 3) , whereas plotting all the observation points in Niaro (n = 3) and Bambey (n = 3) with the corresponding simulated values resulted in a higher variability and higher root mean square values (RMSE) (Figure 3 ). When applied at the 10 administrative zones in Ethiopia, the average simulated yields of the districts were in the range of the observed yields averaged over 7 years ( Figure 6 ) with a root mean square error (RMSE) of 0.29 Mg ha −1 , whereas the RMSE varied from 0.97 Mg ha −1 to 0.40 Mg ha −1 across the administrative zones when all the observed yield values were plotted against the simulated yield values (Figure 7) . 
Effects of Integrating Crop Residue and Mineral Fertilizer into the Cropping System
Under the conventional intensification options explored in the current study, the simulation results show the positive effect of mineral fertilizer application and incorporation of the crop residue into the soil. The incorporation of only the crop residue in the field can lead to an increase in the maize yield by 45.3% compared to the farmer's yield under current mineral fertilizer application rates, whereas the crop residues combined with an increased amount of mineral fertilizer resulted in an increased yield of about 134.6% (Figure 8 ).
The effect of incorporating crop residues in combination with mineral fertilizer was also beneficial under the option where maize was grown in rotation with Groundnut (CI + rotation). The yields were increased up to 110.1% depending upon the scenarios tested (Figure 8 
The effect of incorporating crop residues in combination with mineral fertilizer was also beneficial under the option where maize was grown in rotation with Groundnut (CI + rotation). The yields were increased up to 110.1% depending upon the scenarios tested (Figure 8 ). However, in the scenario where crop residues were not incorporated in the field (FP + rotation-CR), the maize yield was reduced by 21.9% (Figure 8 ). scenario where crop residues were not incorporated in the field (FP + rotation-CR), the maize yield was reduced by 21.9% (Figure 8 ). 
Effect of Management Scenarios on Nitrogen Uptake
There was a significant positive effect in the incorporation of crop residues and higher doses of mineral fertilizer application on nitrogen uptake by the plant (p < 0.005) in all the intensification scenarios explored in the current study ( Figure 9 ). As expected, the highest Nitrogen uptake (138.8 kg ha −1 ) was estimated in the conventional intensification where crop residues plus higher doses of mineral fertilizer (60 kg N ha −1 + 20 kg P ha −1 + CR) were applied in the field. The lowest nitrogen uptake (40.5 kg ha −1 ) was estimated in the scenario where Groundnut was grown in rotation with Maize without incorporating the crop residues back in the field (FP + rotation-CR).
Economic Profitability Calculations
Based on the fact that the short rainy season comes first and then the long rainy seasons ("Belg" and "Meher" respectively) follow, the rotation scenario intends to introduce the cultivation of groundnut in the "Belg" season followed shortly by maize in the "Meher" season. The introduction of such a crop rotation within a single production year in non-irrigated areas could provide a number of agronomic advantages in addition to improving the soil fertility as a result of the nitrogen-fixing capacity of groundnut. It could also improve the income of farm households as a result of the production of groundnut as an additional crop.
In this section, the economic advantages of the crop rotation scenario are calculated in comparison with the conventional scenario. As clearly shown in Figure 8 , the only difference between the two scenarios is the cultivation of groundnut in the minor or "Belg" season and the 
Effect of Management Scenarios on Nitrogen Uptake
Economic Profitability Calculations
In this section, the economic advantages of the crop rotation scenario are calculated in comparison with the conventional scenario. As clearly shown in Figure 8 , the only difference between the two scenarios is the cultivation of groundnut in the minor or "Belg" season and the difference in the yield rate for maize. Since the scope of this paper is to identify the possible advantages of the rotation method over the conventional, it is appropriate to deal only with the profitability of groundnut production and market value of any yield difference in maize across corresponding simulations in the two scenarios.
Based on data from the World Bank Ethiopian socioeconomic survey [38] , groundnut production and transportation costs are calculated per hectare (see Table A1 in Appendix A for a detailed explanation). Since groundnut is currently produced in only a few areas in Ethiopia, the number of observations is low, which makes the calculation of these costs at the zone level difficult. The national average figures are calculated instead for all the variables needed here. The total production costs per hectare are calculated to be 6625.3 birr ("birr" is the basic monetary unit of Ethiopia), and the transportation cost is 472 birr based on the national average of 1.63 tons of output per hectare. Based on the price of 9160 birr per ton, the average yield results in a total farm sales revenue of 14,909.7 birr per hectare from groundnut production. This is calculated to be of 7812.4 birr gross economic profit (GEP) per hectare. (Note: Since land is usually rented for a minimum of a year, there is no need to consider land rental costs for groundnut cultivation within the crop rotation method.) Sustainability 2018, 10, x FOR PEER REVIEW 13 of 20 difference in the yield rate for maize. Since the scope of this paper is to identify the possible advantages of the rotation method over the conventional, it is appropriate to deal only with the profitability of groundnut production and market value of any yield difference in maize across corresponding simulations in the two scenarios. Based on data from the World Bank Ethiopian socioeconomic survey [38] , groundnut production and transportation costs are calculated per hectare (see Table A1 in Appendix A for a detailed explanation). Since groundnut is currently produced in only a few areas in Ethiopia, the number of observations is low, which makes the calculation of these costs at the zone level difficult. The national average figures are calculated instead for all the variables needed here. The total production costs per hectare are calculated to be 6625.3 birr ("birr" is the basic monetary unit of Ethiopia), and the transportation cost is 472 birr based on the national average of 1.63 tons of output per hectare. Based on the price of 9160 birr per ton, the average yield results in a total farm sales revenue of 14,909.7 birr per hectare from groundnut production. This is calculated to be of 7812.4 birr gross economic profit (GEP) per hectare. (Note: Since land is usually rented for a minimum of a year, there is no need to consider land rental costs for groundnut cultivation within the crop rotation method.) 
Discussion
The objective of this study was to quantify the long-term crop yield response and change in soil organic carbon and crop available N over time for conventional intensification with or without groundnut included in the rotation. Our results demonstrate that the value of crop available nitrogen in soil profiles have increased from 5 kg ha −1 under current farmer's practices (i.e., FP, MF1-CR) to 30 kg ha −1 under the rotation scenario (i.e., CI, MF2 + CR) including groundnut in the rotation (Figure 10 ). However, to take advantage of the benefits of groundnut on nitrogen availability to the maize crop, the release of N from above-and below-ground residues must be synchronous with maize N uptake.
Various researchers have reported the lower beneficial effect of crop rotation on maize yield with increasing N fertilization, especially when legumes were included [39, 40] . In our study, the inclusion of groundnut as a rotation crop did result in a lower maize yield gain under higher 
Various researchers have reported the lower beneficial effect of crop rotation on maize yield with increasing N fertilization, especially when legumes were included [39, 40] . In our study, the inclusion of groundnut as a rotation crop did result in a lower maize yield gain under higher fertilization compared to the yields under conventional intensification scenarios (Figure 8 ) despite the fact that the incorporation of legume N, e.g., through the incorporation of groundnut biomass, led to large amounts of mineral N being available in the soil (Figure 11a) . Compared with the cereals, legume residues are relatively rich in N with a lower C:N ratio, and these characteristics favour the rapid decomposition and release of N to subsequent crops [11, 41] . The reason for a lower maize yield when including groundnut in the rotation could be due to the mismatch of N release from groundnut residues and the development of maize roots and maize N demand. Thus, maize was not able to take advantage of the higher amount of crop available N (Figure 11a ). In addition, groundnut consumes soil water during the short rainy season (belg) which can lead to less total crop available water over the rooting depth (CAWT) for the subsequent maize crop compared to the conventional intensification scenario without any crop in the short season (see Table A3 in Appendix A). The same findings were also reported in Western Kenya by Reference [42] .
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Livestock is an important component of the farming systems in Ethiopia [46] , and the use of maize and legume residues as feed is common. Residues of certain legumes, e.g., that of groundnut, are more likely to be removed for feed. The use of residues as feed creates a potential trade-off between the use of legume residues for soil fertility improvement or for feed [42] . In the latter case, the ability of the farmer to return manure from their livestock to their fields and to handle feed and manure well during storage and transport strongly affects the carryover rates of nutrients and carbon and the impacts on soil fertility [47] . The observation of total organic carbon in the maize monoculture production system (i.e., conventional intensification) and legume-cereal rotation (Figure 11b ) did not show a significant difference, which goes in accordance with the findings of earlier studies in SSA [43, 44] . However, the plausible way through which the incorporation of grain legumes into the cereal-based system could enhance soil C contents is through the enhanced productivity of a subsequent cereal crop or through the intercropping systems with an enhanced total biomass production providing high-quality residues to enhance the buildup of soil organic matter [45] . Therefore, when compared to the respective conventional intensification scenario, the rotation scenarios have a slightly higher soil organic matter content.
Livestock is an important component of the farming systems in Ethiopia [46] , and the use of maize and legume residues as feed is common. Residues of certain legumes, e.g., that of groundnut, are more likely to be removed for feed. The use of residues as feed creates a potential trade-off between the use of legume residues for soil fertility improvement or for feed [42] . In the latter case, the ability of the farmer to return manure from their livestock to their fields and to handle feed and manure well during storage and transport strongly affects the carryover rates of nutrients and carbon and the impacts on soil fertility [47] . Regarding the cost-benefit analysis with respect to the introduction of groundnut in rotation with maize, the results show that the inclusion of groundnut could be a profitable venture for farmers, although, averaged over Ethiopia, a rotation with groundnut has a negative impact on the maize yield (Figure 8 ). The blue bars in Figure 10 show the net GEP increase of the four rotation scenarios compared to the four scenarios without groundnut when averaged over the cropped area in the whole country. However, when looking at the administrative zone level results (Table4, the profitability of the rotation scenario has a large variation which is due to the variation in the calculated yield levels for groundnut. The very poor groundnut yield levels in zones like Asosa, Awi, Metekel, North and South Gonder, and West Gojam cannot compensate the loss of return from the reduced maize yields, leading to an overall lower economic return of the rotation system. Thus, Regarding the cost-benefit analysis with respect to the introduction of groundnut in rotation with maize, the results show that the inclusion of groundnut could be a profitable venture for farmers, although, averaged over Ethiopia, a rotation with groundnut has a negative impact on the maize yield ( Figure 8 ). The blue bars in Figure 10 show the net GEP increase of the four rotation scenarios compared to the four scenarios without groundnut when averaged over the cropped area in the whole country. However, when looking at the administrative zone level results ( Table 4 , the profitability of the rotation scenario has a large variation which is due to the variation in the calculated yield levels for groundnut. The very poor groundnut yield levels in zones like Asosa, Awi, Metekel, North and South Gonder, and West Gojam cannot compensate the loss of return from the reduced maize yields, leading to an overall lower economic return of the rotation system. Thus, the introduction of groundnut in crop rotation with maize in areas like these is disadvantageous, although the soil organic matter content may be slightly increased. However, in most of the zones in Ethiopia, the rotation scenarios have economic and ecological advantages. 
Conclusions
The conventional intensification option explored in the current study shows the positive effect of mineral fertilizer application and the incorporation of the crop residue back in the field. The incorporation of crop residue alone in the field can lead to an increase in maize yield by 45 .3% compared to the farmer's yield under current mineral fertilizer application rates, whereas the crop residues combined with an increased amount of mineral fertilizer resulted in an increased yield of about 134.6%. The same phenomenon was observed where Maize (in the long season) was grown in rotation with Groundnut (in the short season). The yields were increased by up to 110.1% depending upon the scenarios tested. However, in the scenario where crop residues were not incorporated in the field, the maize yield was reduced by 21.9%. The cost-benefit analysis suggests that the incorporation of groundnut in maize-based systems could provide additional income to the farmers when averaged over Ethiopia; with some local exceptions in some administrative zones, the introduction of groundnut in the rotation turned out to be economically disadvantageous, although they slightly increased soil organic carbon over time compared to maize monoculture.
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